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METHOD AND APPARATUS FOR 
SATELLITE RECEIVER WITH VARIABLE 

PREDETECTION BANDWIDTH 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to satellite receivers for 

television receive-only (TVRO) antennas, and in particular, 
the present invention relates to a method and system for 
varying a predetection bandwidth of a satellite receiver 
without physically or electrically changing the bandwidths 
of the intermediate frequency (IF) ?lters. 

2. Statement of the Problem 
Satellite-transmitted television is enjoying tremendous 

growth around the world. A satellite television system 
includes several geostationary satellites positioned in the 
Clarke belt around the earth that transmit microwave signals 
to a receiving antenna positioned on the ground. Usually the 
receiving antenna is a parabolic dish to receive a low power 
transmission from the satellite. 
The microwave signal transmitted by the satellite is 

captured by the receiving antenna. The captured signal is 
processed through a low-noise block downconverter that 
converts the 3.7—4.2 Gigahertz (GHZ) received signal tov a 
lower intermediate frequency (IF) signal of 0.95~l.45 GHz. 
This process is called downconverting. The signal from the 
low-noise block downconverter is passed through one or 
more mixers that reduce the frequency to levels that are 
easier to convert to baseband television audio and video 
signals. The signal also passes through one or more band 
pass ?lters that select one channel from the many channels 
broadcast by the satellite to the receiving antenna. 

C-band satellites generally use a frequency or channel 
plan where each channel comprises a range of frequencies 
36 MHz wide with a 2 MHz guard band at the upper and 
lower frequencies of the channel. The C-band is 500 MHz 
wide, spreading from 3.7 GHZ to 4.2 GHz. A center fre 
quency of each channel is spaced 40 MHz from an adjacent 
channel, giving 12 channels in a 500 MHz spectrum. A 
second set of channels, offset by 20 MHz from the ?rst set 
of channels, is transmitted in an orthogonal polarization to 
give a total of twenty-four channels. 

C-band satellites are positioned in geostationary orbits 
around the earth and are spaced from each other by two 
degrees in an orbital arc. Because each of these satellites 
transmits in the same frequency band, interference between 
adjacent satellites is a prevalent problem. Channel polariza 
tion is coordinated between adjacent satellites to minimize 
interference. This coordination means that adjacent channels 
broadcast by adjacent satellites will be like-polarized. For 
example, channels 1 and 3 are like-polarized with channel 2 
of an adjacent satellite. Thus, although polarization coordi 
nation is necessary for reduced interference, it cannot elim 
nate interference to the receiving antenna attempting to 
receive only channel 2. 
A ?gure of merit for satellite receiving stations is the 

carrier-to-noise ratio (C/N). C/N is improved by using larger 
antennas or by broadcasting the signal from the satellite at 
a higher power or e?’ective isotropic radiative power (EIRP). 
EIRP varies from satellite to satellite and is completely 
uncontrollable by the satellite receiver. Large diameter 
receiving antenna provide adequate C/N even with weak 
EIRP; however, there is an increasing need and desire for 
smaller TVRO antennas. C/N can be improved in smaller 
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2 
antennas by narrowing a bandwidth of a ?lter used to ?lter 
the downconverted signal before it is passed to an FM 
detector. This bandwidth is called the predetection band 
width. 
By narrowing the predetection bandwidth, some of the 

signal information found at the upper and lower frequencies 
or “skirts” of the 36MHZ channel bandwidth is lost, but the 
overall signal quality is improved. This lost information 
results in “video truncation” or loss in quality of the video 
signal when it is reproduced on the television screen. One 
particular problem is “chroma truncation” that results in 
white spots on the TV screen when a high-intensity color 
signal is broadcast but the signal is truncated by narrow 
bandwidth ?lters in the receiving circuitry. It is desirable to 
narrow the predetection bandwidth as little as possible in 
order to provide adequate C/N with minimal loss of signal 
information. 
One common solution to this problem is to pick a single 

predetection bandwidth that is a compromise chosen to 
optimize performance of the satellite receiver for the most 
popular satellites and locations on earth. A ?xed predetec 
'tion bandwidth does not provide optimum performance for 
every satellite that a user wishes to access because it cannot 
be adjusted for the varying EHlPs of the many satellites. 
This solution is often acceptable when a large-diameter 
antenna is used in a ?xed location. 

Several solutions have been proposed for providing mul 
tiple predetection bandwidths in a satellite receiver. One 
solution is to provide multiple discreet switchable bandpass 
?lters. This increases cost for the satellite receiver as each of 
the several bandpass ?lters is expensive. Also, multiple 
?lters are more expensive to assemble than is a single 
bandpass ?lter. 

Another solution is to provide multiple bandwidths by 
?lters with a bandwidth that can be varied electrically such 
as with a variable capacitor (VARICAP). Although allowing 
the satellite receiver to use a single bandpass ?lter, VARI 
CAPs are expensive, and typically reduce the Q of the 
bandpass ?lter to less than that which could be achieved with 
single-valued components. Moreover, it is desirable to use 
surface acoustic wave (SAW) ?lters for their performance, 
and SAW ?lters cannot be electrically varied. 

Another solution is to provide multiple predetection band~ 
widths with a bandpass ?lter in conjunction with selectable 
or tunable notch ?lters. The notch ?lters are designed to 
greatly attenuate signals above and below the bandpass ?lter 
center frequency. This method is commonly referred to as 
terrestrial interference (TI) ?ltering. This approach requires 
multiple ?lters (at least one bandpass ?lter and two tunable 
notch ?lters) and so increases the cost and complexity of the 
system. Moreover, the systems are usually designed to limit 
terrestrial interference rather than carefully control prede 
tection bandwidth. 

In many applications it is desirable to provide a small 
antenna. In particular, the recreational vehicle market places 
a premium on small antenna designs. A small antenna design 
will require a narrow predetection bandwidth, for example 
25 MHz, when a satellite EIRP is low or adjacent satellite 
noise is high. However, in some circumstances even a small 
antenna will have adequate reception with a wider prede 
tection bandwidth. In these circumstances, reception can be 
improved by increasing the predetection bandwidth to ?t the 
particular circumstances, location, and satellite that is being 
accessed. 

Another problem with satellite receivers is that C-band 
receivers are not optimized to receive KU-band satellite 
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signals. Unlike C-band, which has a very uniform channel 
plan, KU-band channels vary considerably in position and 
bandwidth. For example, each C-band satellite transmits 
channels one, two, and three at center frequencies of 3720 
MHz, 3740 MHz, and 3760 MHz, respectively. One 
KUband satellite, GE Kl, transmits channel one at 11,729 
GHz, channel two at 11.7585 GHZ, and channel three at 
11.788 GHZ, respectively. Another KU-band satellite, Gal 
axy 7, transmits channel one at 11,720 GHz, channel two at 
11.750 GHz (horizontal polarity), and channel three at 
11.750 GHZ (vertical polarity). The GE Kl satellite uses a 
channel bandwidth of 59 MHz while the Galaxy 7 uses a 
channel bandwidth of 50 MHz. 

Thus, to ?ne tune a KU-band channel it is necessary to - 
?ne tune the predetection bandwidth of the satellite receiver. 
Conventional receivers require multiple SAW bandpass ?l 
ters that are expensive. Also, it is impractical to include 
enough SAW bandpass ?lters to cover all of the available 
KU-band channels, so even expensive high-end receivers 
cannot provide optimum predetection bandwidth for all of 
the KU-band channels. 

Thus, a need exists for a satellite receiving system and 
method that can provide a variable predetection bandwidth 
to adapt the satellite receiver to particular circumstances. 
Further, a satellite receiver is needed to optimize perfor 
mance of small-diameter antennae, and particularly small 
diameter antennas that are frequently moved to new loca 
tions. Also, a satellite receiving system with a variable 
predetection bandwidth is needed-that is relatively low in 
cost and avoids the use of redundant ?lter circuits that are 
often unused. Further, a need exists for asatellite receiver 
that can be easily ?ne-tuned to receive C-band, KU-band, 
and other satellite signals of various channel bandwidths. 

SOULTION TO THE PROBLEM 

The present invention provides a solution to the above 
stated problems by providing a satellite receiver having a 
variable bandwidth predetection circuit. In circumstances 
when carrier-to-noise ratio (C/N) must be maximized, the 
predetection bandwidth can be narrowed. In circumstances 
when a lower C/N ratio is adequate, the predetection band 
width can be widened to reduce signal truncation caused by 
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narrower bandwidth predetection ?lters. The present inven- - 
tion solves the problem of adjacent satellite interference by 
providing control over attenuation of the upper and lower 
frequency skirts of a selected channel to attenuate the signal 
only when an interfering signal is present. Because the 
predetection bandwidth is under user control, reception and 
?ne-tuning of KU-band signals is possible even when the 
channel bandwidth varies from one satellite to another. 

SUMMARY OF THE INVENTION 

The present invention provides a satellite receiver having 
?rst and second stages that are serially coupled so that an 
output of the ?rst stage feeds into an input of the second 
stage. Each of the ?rst and second stages includes a tunable 
oscillator for providing a reference frequency, a means 
coupled to the input and the tunable oscillator for mixing a 
frequency modulated (FM) signal on that stage’s input with 
the reference frequency to provide an IF FM signal, and a 
bandpass ?lter for ?ltering the IF FM signal and providing 
the ?ltered IF FM signal to that stage’s output. 
The received signal is downconverted and mixed with a 

signal from a ?rst tunable oscillator to provide a ?rst IF 
signal that is fed to a ?rst bandpass ?lter. The frequency of 
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4 
the ?rst tunable oscillator is chosen so that the ?rst IF signal 
is offset with respect to the pass band of the ?rst bandpass 
?lter. A second mixer mixes the ?ltered ?rst IF signal with 
a second tunable oscillator. Choosing frequencies of the ?rst 
and second oscillators accurately controls the width of the 
predetection bandwidth and a variable bandwidth bandpass 
?lter is provided. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 illustrates in block-diagram form a prior art 
satellite receiver; 

FIG. 2 illustrates a frequency-amplitude plot of a ?rst 
stage of the prior art receiver shown in FIG. 1; 

FIG. 3 shows a frequency-amplitude plot of the output 
from the ?rst bandpass ?lter of the prior art receiver shown 
in FIG. 1; 

FIG. 4 illustrates the satellite receiver system in accor 
dance with the present invention; 

FIG. 5 is a simpli?ed frequency-versus-signal amplitude 
diagram illustrating operation of a ?rst stage of the satellite 
receiver system shown in FIG. 4; 

FIG. 6 is a diagram showing the operation of a ?rst 
bandpass ?lter of the ?rst stage of‘ the satellite receiver 
system in accordance with the present invention; 

FIG. 7 is a simpli?ed frequency-versus-signal amplitude 
diagram illustrating the operation of a second stage of the 
satellite receiver system shown'in FIG. 4; 

FIG. 8 is a simpli?ed frequency-amplitude diagram illus 
trating output from a second bandpass ?lter in the second 
stage of the satellite receiver system shown in FIG. 4; 

FIG. 9 is a simpli?ed frequency-amplitude diagram illus 
trating an asymmetrical operation mode of the ?rst stage of 
the satellite receiver system shown in FIG. 4; 

FIG. 10 is a simpli?ed frequency-amplitude diagram 
illustrating the output from the ?rst bandpass ?lter in the 
asymmetrical operation mode; 

FIG. 11 illustrates operation of the second stage of the 
satellite receiver system processing the signal from FIG. 10 
in the symmetrical operation mode; 

FIG. 12 shows the output of the second bandpass ?lter 
processing the signal shown in FIG. 11; 

FIG. 13 shows the operation of the second stage process 
ing the signal from FIG. 10 in the asymmetrical operation 
mode; 

FIG. 14 shows the output of the second bandpass ?lter 
processing the signal shown in FIG. 13; and 

FIG. 15 illustrates a second embodiment satellite receiver 
system in accordance with the present invention; 

FIG. 16 shows, in block diagram form, detail of control 
circuitry used in the satellite receiver in accordance with the 
present invention; and 

FIG. 17 illustrates in block diagram form a third embodi 
ment satellite receiver system in accordance with the present 
invention. 

DETAILED SPECIFICATION 

1. Overview 
FIG. 1 illustrates a typical prior art satellite receiver 

system in block diagram form. Antenna 101 receives the 
satellite broadcasts and is usually a parabolic re?ector-type 
antenna. In the case of the C-band satellite broadcast, a 
probe (not shown) of antenna 101 picks up a microwave 
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signal in the range of 3.7 to 4.2 GHz.'In this microwave 
signal twenty-four channels are allocated, twelve of which 
are vertically polarized and twelve of which are horizontally 
polarized, where each channel is a range of frequencies of 
about 36 MHz. The like-polarized channels are separated 
from each other by a 4 MHz guard band. The probe’s 
orientation determines which of the two sets of twelve 
like-polarized channels are detected by antenna 101. 

All twelve like-polarized channels received by antenna 
101 are passed to low-noise block (LNB) downconverter 
102. The second set of twelve channels in the C-band 
satellite broadcast that have the opposite polarity are com~ 
monly detected rotating the probe (not shown) in antenna 
101. Alternatively, two probes with different orientation may 
be provided in antenna 101 or a second LNB (not shown) 
may be used to detect the opposite polarity channels. Cir 
cuits and methods for detecting the sets of channels with 
opposite polarity are well known. LNB 102 mixes the 
received satellite signal with a high-frequency signal gen 
erated by a local oscillator inside LNB 102. LNB 102 
provides a downconverted signal having a spectrum of about 
950 MHZ to 1.45 GI-lz. The downconverted signal from 
LNB 102 includes all of the twelve channels originally 
detected by antenna 101. LNB 102 and antenna 101 are 
conventional components in a satellite receiver system, and 
are not described in greater detail hereinafter. 
The downconverted signal from LNB 101 is passed to a 

?rst mixer 103. First mixer 103, together with bandpass ?lter 
106, serves to select one channel from the twelve like 
polan'zed channels passed from LNB 102. Mixer 103 mixes 
the signal from LNB 102 with a ?rst reference frequency 
generated by ?rst tunable local oscillator 104 (“1st L0.” in 
FIG. 1). First mixer 103 outputs a ?rst intennediate-fre 
quency (IF) signal at node 115 to bandpass ?lter 106. In 
conventional satellite receivers, mixer 103 is tuned by local 
oscillator 104 so that the range of frequencies of the selected 
channel is centered with respect to the pass band (202 in 
FIG. 2) of bandpass ?lter 106. In a typical example, the 
selected channel has a center frequency f0 in the ?rst IF 
signal at about 610 MHz and local oscillator (L0) 104 
generates a frequency in the range of 1560 MHz to 2060 
MHZ that is adjustable in 40 MHz increments. The ?ltered 
?rst IF signal (301 in FIG. 3) passes from node 120 to 
second mixer 107. 
A second stage of the prior art satellite receiver includes 

second mixer 107, second tunable local oscillator 108, and 
one or more bandpass ?lters such as second bandpass ?lter 
109a, third bandpass ?lter 10912, and fourth bandpass ?lter 
1090. Second mixer 107 mixes the ?ltered ?rst IF signal 
with a second reference frequency provided by second local 
oscillator 108 to generate a second IF signal. 
The second IF signal is at a frequency that is easily 

detected by FM detector 111. FM detector 111 has a center 
frequency and a bandwidth in which it can reliable detect the 
FM encoded signal. In a typical receiver the second IF signal 
has a center frequency of 70 MHz, which is the center 
frequency of FM detector 111, although any convenient 
second IF frequency may be chosen. Second local oscillator 
108 generates a ?xed reference frequency of 680 MHz to 
convert the 610 MHz ?rst IF signal to the 70 MHz second 
IF signal. 

The second IF signal passes from second mixer 107 to 
second, third, or fourth bandpass ?lter 109a, 109b, or 1090 
through switch 110. Usually only one of ?lters 109a through 
109c'is selected by switch 110 at any given time, so the 
nonselected ?lters remain idle. The particular bandpass ?lter 
chosen for the second stage is chosen to provide a variable 
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6 
predetection bandwidth to adapt the receiver for a particular 
signal. The ?ltered second IF signal passes to FM detector 
111, which detects an FM signal encoded in the second IF 
signal and converts it to a baseband video and audio signal. 
The baseband video and audio signal is coupled to television 
112 for viewing. 
The prior art satellite receiver system shown in FIG. 1 is 

called a “dual conversion” receiver because two mixing 
stages are used to convert the signal from LNB 102 to a 
signal suitable for FM detector 111. Other conversion cir 
cuits are known; however, the dual conversion methodology 
is most useful to the understanding of the receiver system of 
the present invention. Although the system in FIG. 1 has four 
bandpass ?lters, it should be understood that low-end prior 
art systems may include only one bandpass ?lter in each 
mixing stage, while high-end systems include more than 
three bandpass ?lters to provide more, control over the 
predetection bandwidth. In the past, the amount of control 
that a user had over the predetection bandwidth was largely, 
if not entirely, determined by the number of bandpass ?lters 
used in the receiver. ' 

Operation of the prior art satellite receiver is shown in the 
frequency-amplitude plots shown in FIGS. 2 and 3. In FIGS. 
2 and 3, as well as FIGS. 5-14 hereinafter, the vertical axis 
represents signal amplitude or signal energy, and the hori 
zontal axis is frequency. FIG. 2 is the ?rst IF signal found at 
node 115 shown in FIG. 1. FIG. 2 shows two lobes 201 that 
represent adjacent like-polarized channels from a target 
satellite. Lobes 203, shown in bold lines in FIG. 2 and FIG. 
3, represent adjacent like-polarized channels from a satellite 
that is adjacent or nearby the target satellite. Each channel 
comprises a range of frequencies from a lower frequency fL 
to an upper frequency fU. Each channel also has a center 
frequency f0. For ease of reference, channel one is identi?ed 
by center frequency fm, channel two is identi?ed by center 
frequency fez, channel three is identi?ed by center frequency 
foa, channel four is identi?ed by center frequency fo4, and 
channel ?ve is identi?ed by center frequency fos. 

In FM transmission, the signal energy of a particular 
channel will be found at frequencies across the entire range 
of frequencies f,_ to fU of a particular channel. Although the 
energy distribution is illustrated by smooth, symmetrical 
lobes in FIG. 2, it should be understood that actual energy 
distribution varies across the channel’s range of frequencies 
depending on the signal amplitude of the underlying video 
and audio information. Thus, the energy peak for channel 2 
may not, and often does not, occur at foz, for example. As the 
amplitude of the underlying video and audio information 
increases, the signal energy becomes more concentrated at 
the outer-lying frequencies near f L and fU rather than appear 
ing near foz. The outer-lying frequencies near f,_ and fU are 
referred to as the “skirts” of the channel signal. 

Dashed .line 202 is a pass band of ?rst bandpass ?lter 106 
shown in FIG. 1. Pass band 202 has a ?xed center frequency 
fc and is characterized by upper and lower frequencies where 
the signal attenuation caused by ?rst bandpass ?lter 106 is 
greater than 3-db, indicated by upper and lower fsdb points 
in FIG. 2. The f3db points are also called “roll off’ or “cut 
off" frequencies. The frequency span between the f3db points 
is called the 3-db bandwidth of the bandpass ?lter 106. As 
shown in FIG. 2, the 3-db bandwidth is typically less than 
the bandwidth of the selected channel so that the skirts of the 
channel are cut off by bandpass ?lter 106. In prior art 
receivers, the center frequency fC of ?rst bandpass ?lter 106 
is substantially the same as the center frequency foz of the 
selected channel. 
The prior art receiver produces a ?ltered ?rst IF signal 301 

shown in FIG. 3 that has a predetection bandwidth (BWPD) 
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302 determined by the bandwidth of bandpass ?lter 106. The 
?ltered ?rst IF signal 301 contains residual interference 
lobes 303, shown in bold in FIG. 3, that are within the 
passband 202 (FIG. 2) of bandpass ?lter 106 (FIG. 1). The 
?ltered ?rst IF signal 301 of the prior art receiver is 
symmetrically positioned about foz. It should be understood 
that bandpass ?lters 109a, 109b, and 109a in FIG. 1 will 
typically have a smaller bandwidth than ?lter 106, and so 
will determine the ?nal predetection bandwidth of the 
receiver. 

Although the present invention is described and illustrated 
in terms of a C-band satellite receiver, other communica 
tions bands, such as the KU-band, are available. The 
receiver in accordance with the present invention is useful in 
receiving signals in these other communications bands. 
Further, the present invention is particularly useful for 
receiving FM television signals broadcast by satellites, but 
is also useful for receiving any FM signal from any source 
that is susceptible to interference or variable bandwidth 
transmission. 
2. Variable Bandwidth Receiver System 
A variable bandwidth receiver system in accordance with 

the present invention is illustrated in FIG. 4. Front-end 
components such as antenna 101, LNB 102, and any asso 
ciated ampli?er circuitry (not shown) operate in a manner 
similar to that described above, and so bear the same 
identi?cation labels in FIG. 4. The receiver in accordance 
with the present invention has a ?rst stage including ?rst 
mixer 403, ?rst tunable local oscillator 404, and ?rst band 
pass ?lter 406. A second stage includes second mixer 407, 
second tunable local oscillator 408, and second bandpass 
?lter 409. 

First mixer 403 has a ?rst input for receiving the down 
converted signal from LNB 102 and a second input for 
receiving a ?rst reference frequency from ?rst tunable local 
oscillator 404. First mixer 403 produces a ?rst IF signal on 
line 415 coupling ?rst mixer 403 to ?rst bandpass ?lter 406. 
A ?ltered ?rst IF signal is provided on line 420 which is the 
output of ?rst bandpass ?lter 406 and the input to second 
mixer 407. ' 

The ?ltered ?rst IF signal passes from ?rst bandpass ?lter 
406 to a ?rst input of second mixer 407. A second reference 
frequency provided by second tunable local oscillator 408 is 
coupled to a second input of second'mixer 407. Second 
mixer 407 mixes the ?ltered ?rst IF signal with the second 
reference frequency to generate a second [F signal on line 
425, which is an output of second mixer 407 and an input to 
second bandpass ?lter 409. Second bandpass ?lter 409 
provides a ?ltered second IF signal on its output line 430 to 
FM detector 411. 
An important feature of the present invention is that both 

?rst local oscillator 404 and second local oscillator 408 are 
tunable. First and second tunable local oscillators 404 and 
408 are preferably phase-locked loop oscillators, and thus 
the reference frequency can easily be varied incrementally 
or continuously. First and second bandpass ?lters 406 and 
409 are preferably surface acoustic wave (SAW) bandpass 
?lters having a ?xed center frequency and 3-db bandwidth. 
In a particular example, ?rst bandpass ?lter 406 has a fc=612 
MHz and a 3-db bandwidth of 28 MHZ, while second 
bandpass ?lter 409 has fc=70 MHZ and a 3-db bandwidth of 
25 MHz, 
The second IF signal on lines 425 and 430 is preferably 

a frequency range easily detected by FM detector 411. The 
bandwidth of the ?ltered second IF signal on line 430 is the 
predetection bandwidth (BWPD) of the receiver. FM detec 
tor 411 is used to detect an FM signal or signals encoded in 
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8 
the ?ltered second IF signal on line 430. FM detector 411 
differs from FM detector 111 in FIG. 1 in that it has sufficient 
bandwidth to detect the variable predetection bandwidth of 
the ?ltered second IF signal on line 430. FM detectors 411 
with su?icient bandwidth are commercially available, and 
the construction and operation of FM detector 411 are well 
known. FM detector 411 provides a baseband video and 
audio output to television 112 where the audio and video 
information encoded in the selected channel is presented to 
the user. 

First and second local oscillators 404 and 408 are con 
trolled either directly by the user of the TVRO system or 
automatically by control circuit 412. A user can simply 
watch TV 112 and ?ne-tune ?rst and second local oscillators 
404 and 408 to optimize signal reception and minimize 
video truncation. Manual tuning will often be cumbersome, 
however, and automatic or semi-automatic tuning is prefer 
able using control circuit 412 and keypad 413. Details of 
control circuit 412 are presented hereinafter. 

In summary, the satellite receiver in accordance with the 
present invention comprises ?rst and second stages. Each 
stage has an input and an output where the ?rst and second 
stages are serially coupled so an output of the ?rst stage 
feeds into an input of the second stage. Each of the ?rst and 
second stages also has a tunable oscillator for providing a 
reference frequency and a mixer for mixing the reference 
frequency of that stage with the input to that stage. Each 
stage also produces an IF signal. The IF signal from the ?rst 
stage is passed to the second stage, and the IF signal from 
the second stage is passed to an FM detector. 
2. Operation of the Satellite Receiver System 

Operation of the satellite receiver in accordance with the 
present invention is illustrated in the signal amplitude 
frequency plots shown in FIG. 5 through FIG. 14. The 
satellite receiver in accordance with the present invention 
can be operated in a ?rst “symmetrical” mode that is 
particularly useful when a variable predetection bandwidth 
is desired to maximize C/N in low-EIRP environments, but 
when interference from adjacent satellite broadcasts is not a 
problem. A second “asymmetrical” mode of operation is 
useful when adjacent satellite interference is a problem. 
Also, in either the symmetrical or asymmetrical mode, the 
satellite receiver can be controlled manually as well as 
automatically or semi-automatically by control circuit 412 
shown in FIG. 4. 

In either symmetrical or asymmetrical operation, ?rst 
local oscillator 404 is tuned such that the ?rst IF signal 501 
shown in FIG. 5 output from mixer 403 is offset with respect 
to the pass band 502 of ?rst bandpass ?lter 406. This is 
evident by comparison of FIG. 5 with the prior art output 
shown in FIG. 2. In FIG. 5, fo, the center frequency of the 
selected channel, is offset from fc, the center frequency of 
pass band 502. Hence, as ?rst IF signal 501 passes through 
bandpass ?lter 406, a portion (illustrated by shaded are a 
503) of ?rst IF signal 501 outside pass band 502 is attenu 
ated. This produces a ?ltered ?rst IF signal 601 shown in 
FIG. 6 having portion 503 removed. 

It is important to note that the position of the selected 
channel-in the ?rst IF signal 501 with respect to pass band 
501 is completely controlled by the setting of local oscillator 
404. Thus, when local oscillator 404 is a phase-locked loop 
oscillator, the size of the upper skirt that is removed by ?rst 
bandpass ?lter 406 can be varied incrementally in steps 
equal to the frequency step of ?rst local oscillator 404 over 
the entire range of frequencies produced by ?rst local 
oscillator 404. 

In a preferred embodiment ?rst local oscillator 404 has a 
range from zero to one-half the channel width, or 18 MHz 
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for a 36 MHz C-band channel. With a one-half channel 
width range, f0 in FIG. 5 can be moved from alignment with 
fc to approximately halfway between fC and either the upper 
or lower fadl, (shown in FIG. 2) of pass band 502. The ?rst 
?ltered IF signal 601 shown in FIG. 6 is then processed by 
the second mixer 407 and bandpass ?lter 409 either sym 
metrically as shown in FIGS. 7-8 and FIGS. 11-12, or 
asymmetrically as shown in FIGS. 13—14. 

Hence, under the teachings of the present invention, the 
?rst local oscillator 404 is made variable between i0.5 
(fU—fl) on either side of f0 so as to enable removal of a 
portion of either the left or right skirt of the signal 501 with 
respect to the ?xed bandwidth 502 having a center frequency 
fc. While this removes some audio and video signal infor 
mation, as will be explained later it functions with the 
second tunable local oscillator to improve signal reception. 

A. Symmetrical Mode Operation 
A ?rst mode of operation of the satellite receiver of the 

present invention is called the “symmetrical variable band 
width” mode. This mode is called symmetrical because the 
?ltered second IF signal 801 (FIG. 8) that is presented to FM 
detector 411 has a symmetrically shaped frequency spectrum 
where the frequency deviation above center frequency f0 is 
substantially the same as a frequency deviation below the 
center frequency of the ?ltered second IF signal 801. 
CASE 1: 
The symmetrical mode of operation is ?rst described with 

reference to an input signal 501 in FIG. 5 in which there is 
little or no interference from adjacent satellites broadcasting 
in frequency ranges that overlap the selected channel fre 
quency range. The ?ltered ?rst IF signal 601 (FIG. 6) then 
passes to second mixer 407 (FIG. 4) that outputs second IF 
signal 701 shown in FIG. 7. The dashed line curve in FIG. 
7 represents pass band 702 of the second bandpass ?lter 409 
in FIG. 4. The lobe shown in FIG. 7 represents the second 
IF signal 701 produced by second mixer 407. 

It is important to understand that the second IF signal 701 
can be moved back and forth along the frequency axis with 
respect to the pass band 702 by adjusting the second 
reference frequency provided by second local oscillator 408, 
thus altering the center frequency fo of second IF signal 701 
output from second mixer 407. Hence, the size of the lower 
skirt (shown by shaded portion 703) that is removed by 
second bandpass ?lter 409 can be varied incrementally in 
steps equal to the frequency step of second local oscillator 
408 over the entire range of frequencies produced by second 
local oscillator 408. 

Preferably, second local oscillator 408 has a range from 
zero to plus or minus one-half the channel width, or 20 MHz 
for a 40 MHz C~band channel. With a one-half channel 
width range, f0 in FIG. 7 can be moved from alignment with 
fC to alignment with either the upper or lower f3dl, (shown in 
FIG. 3) of pass band 702. The ?rst and second bandpass 
?lters 406 and 409 must each have a bandwidth greater than 
the minimum predetection bandwidth of the system. This is 
because they are serially connected such that the predetec 
tion output shown in FIG. 8 can be no wider than the 
smallest bandwidth ?lter in the series. 

In symmetrical operation, local oscillator 408 is tuned 
such that the ?ltered second IF signal 801 in FIG. 8 is 
symmetrical about f0. Thus, the ?ltered second IF signal 801 
resembles a signal provided by a single bandpass ?lter 
where the pass band is aligned with the central frequency f0 
of the range of frequencies comprising the selected channel. 
This arrangement is particularly useful when adjacent sat 
ellite interference is minimal but the broadcast signal is 
relatively low power, or low-EIRP. In such an environment, 
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10 
the receiver can increase C/N, and thus improve reception, 
only by narrowing the predetection bandwidth. The satellite 
receiver in accordance with the present invention thus 
provides a narrow predetection bandwidth for high C/N in a 
low-EIRP environment. 

This narrow bandwidth, which is the predetection band 
width 802 of the satellite receiver, is controlled by ?rst and 
second oscillators 404 and 408 rather than by changing 
components in bandpass ?lters 406 and 409. Thus, high 
quality components can be usedin ?lters 406 and 409 and 
expensive duplication is avoided. Further, construction of 
?rst and second bandpass ?lters 406 and 409 is relatively 
straight forward and inexpensive since switches and control 
circuitry are eliminated. Moreover, even though ?xed com 
ponents such as ?xed bandwidth SAW ?lters are used in the 
bandpass ?lters 406 and 409, the eventual predetection 
bandwidth shown in FIG. 8 is completely variable from a 
very narrow bandwidth that would provide a high C/N to a 
bandwidth as wide as the narrowest of the ?rst or second 
bandpass ?lter 406 or 409. 
CASE 2: 

Symmetrical operation is also useful when interference is 
present from adjacent satellites at frequencies above and 
below the range of frequencies of the selected channel. This 
situation is illustrated in the lobes 902 in FIG. 9. It will be 
recalled that adjacent channels from any given satellite 
normally overlap in frequency ranges, but are broadcast with 
orthogonal polarization so that the overlapping channels are 
not detected, and thus do not interfere with the range of 
frequencies of the selected channel. 

However, in adjacent satellites the overlapping range of 
frequencies of adjacent channels are broadcast with the same 
polarization as the range of frequencies included in the 
selected channel. Therefore, the ?rst IF signal generated by 
mixer 403 resembles that shown in FIG. 9, having interfer 
ing lobes 902. The larger lobe 901 represents a channel 
broadcast by the desired or target satellite, while the lower 
intensity lobes 902 (shown with bold lines) represent inter 
fering channels broadcast by one or more adjacent satellites. 
As described before, the ?rst reference frequency pro 

vided by the ?rst local oscillator 404 is selected to position 
the ?rst IF signal 901 such that the range of frequencies 
comprising the ?rst selected channel is offset with respect to 
the pass band 502 of ?rst bandpass ?lter 406. Portions 903 
of interfering channels 902 which are outside of the pass 
band 502 are removed by bandpass ?lter 406. The resulting 
?ltered ?rst IF signal 1001 is shown in FIG. 10, which 
portions 903 removed. The ?rst ?ltered IF signal 1001 has 
greatly attenuated the upper interfering channel and cut olf 
portion 903 of the lower interfering channel resulting in 
attenuated interference lobes 1002 in FIG. 10. 
When the ?rst ?ltered IF signal 1001 is mixed with the 

second reference frequency, the second reference frequency 
is chosen to align the second IF signal 1101, shown in FIG. 
11, with the pass band 702 of the second bandpass ?lter 409 
(shown in FIG. 4). Lobes 1102 represent the interference 
components in the second IF signal. Again, an important 
feature of the present invention is that the range of frequen~ 
cies included in the second IF signal 1101 can be positioned 
along the frequency axis in relationship to the pass band 702 
of the second bandpass ?lter 409 simply by changing the 
frequency provided by second local oscillator 408. 

FIG. 12 illustrates the ?ltered second IF signal 1201 
provided to FM detector 411 when the second reference 
frequency is chosen to provide a symmetrical output. As 
shown in FIG. 12, a ?ltered second IF signal 1202 has a 
narrow predetection bandwidth 1203 symmetrically posi 
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- tioned about center frequency f0 and includes attenuated 
portions 1202 of the interfering channels 902 (shown in FIG. 
9). 

B. Asymmetrical Mode Operation 
Although the second ?ltered IF signal shown in FIG. 12 

provides good performance, it has been found that perfor 
mance is further improved by providing a an asymmetrical 
second IF signal when adjacent satellite interference is 
present. In asymmetrical mode, the second reference fre 
quency provided by second local oscillator 408 is chosen to 
position the second IF signal 1301 in FIG. 13 with respect 
to the pass band 702 of the second bandpass ?lter 409 so that 
the ?ltered second IF signal 1401 in FIG. 14 is asymmetri 
cally positioned about the center frequency f0 as presented 
to FM detector 411. 

Asymmetrical operation is particularly useful when the 
strength or power distribution of the interfering channels is 
not equal, allowing the user to controllably attenuate the 
more interfering channel while at the same time maximizing 
predetection bandwidth as illustrated by comparing FIG. 14 
and FIG. 12. By maximizing the predetection bandwidth, 
video truncation is minimized. Because the predetection 
bandwidth is completely controlled by the user, the prede 
tection bandwidth can be narrowed to an acceptable C/N that 
provides an adequate signal. 

In summary, the satellite receiver in accordance with the 
present invention can operate in a symmetrical or asym 
metrical mode. In symmetrical mode, the ?rst stage removes 
one skirt of the selected channel by providing a ?rst IF signal 
that is offset with respect to the pass band of a ?rst bandpass 
?lter. The second stage removes a second skirt of the 
selected channel and compensates for the offset created by 
the ?rst stage, thereby centering the second IF signal sym 
metrically about a center frequency. In asymmetrical mode, 
the second mixer does not compensate for the offset created 
by the ?rst rrrixer, but instead is precision tuned by the user 
to maximize predetection bandwidth to minimize video 
truncation while providing adequate CIN. 
3. Three-Stage Satellite Receiver System 
A second embodiment of the present invention uses three 

rather than two series-coupled stages to create the predetec 
tion signal sent to FM detector 111. The second embodiment 
shown in FIG. 15 is useful primarily when the ?rst and 
second stages are operated in the asymmetric mode 
described above. The third stage is responsible for centering 
the ?ltered second IF signal 1401 about the center frequency 
of the FM detector 111 before it is presented to FM detector 
111. 
The third stage includes a third mixer 1501, third local 

oscillator 1502, and third bandpass ?lter 1503. The third 
local oscillator 1502 is also a variable frequency oscillator 
used to compensate the o?set created in the second stage. 
Hence, the reference frequency generated by the third local 
oscillator will be determined by the reference frequency of 
the second local oscillator and can be determined automati 
cally by control circuit 412. By using a third stage to 
symmetrically center the third IF signal before presentation 
to the FM detector 111, FM detector 111 does not have to 
track the offset of the second stage, and so can be substan 
tially the same as FM detector 111 used in the conventional 
receiver shown in FIG. 1 rather than the wide bandwidth FM 
detector 411 shown in FIG. 4. This embodiment lowers 
component cost for FM detector 111 and simpli?es con 
struction of FM detector 111 at some increased expense of 
providing the third stage converter. 
4. Automatic and semi-automatic control 

Control circuit 412 includes a means for receiving user 
input such as keypad 413, which may be a hardwired keypad 
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12 
or a wireless remote control. Keypad 413 allows the user to 
select channels or provide other input to control circuit 412 
regarding the actual and desired reception appearing on TV 
112. In automatic operation, the user will select a satellite, 
for example Galaxy 7 or Comsat 4, and select a channel, for 
example channel 2, using keypad 413. Keypad 413 com 
municates the user selection to input buffer 1601 of control 
circuit 412, preferably in digital format either serially or in 
parallel. 

Input bu?'er 1601 transforms the input signal from keypad 
413 to a logic-level digital instruction for microprocessor 
1602. Input buffer 1601 transfers the digital instruction via 
a serial instruction line or parallel instruction bus 1606. 
Microprocessor 1602 responds to the instruction by address 
ing memory 1603 via address bus 1607. Memory 1603 is 
conveniently organized such that each address, indicated by 
“CH1”, “CH2”, “CH3”, etc., contains a binary word. 
Memory 1603 has an address location for each channel of 
each satellite the user can address. Each binary word con 
tains information for driving local oscillators 404 and 408 
(shown in FIG. 4) at an desired operating frequency. 
Memory 1603 provides the addressed binary word to micro 
processor 1602 via data bus 1609. 

Microprocessor 1602 provides the addressed data word to 
output bus 1611 and output bus 1612. If local oscillators 404 
and 408 can be controlled directly with the addressed binary 
word, output bus 1611 and output bus 1612 can be coupled 
directly to control lines 418 and 414. More commonly, 
however, output circuits 1608 and 1604 will convert the 
signals on lines 1611 and 1612 to a format more suitable for 
controlling local oscillators 404 and 408. For example, 
output circuits 1604 and 1608 may convert the addressed 
binary word into _a series of pulses which increase or 
decrease the operating frequency of local oscillators 404 and 
408. Alternatively, output circuits 1604 and 1608 may be 
digital-to-analog converters and produce ananalog voltage 
for driving a voltage-controlled oscillator in local oscillators 
404 and 408. Many frequency control circuits and methods 
are known which can be adapted to work with the present 
invention. 

In semi-automatic operation, the stored values represent 
starting approximations for the local oscillator settings, and 
the user is able, via keypad 413, to increase or decrease the 
reference frequencies of local oscillators 404 and 408 to 
optimize reception. The new settings for the control signals 
on lines 414 and 418 are then stored in memory 1603 to 
serve as initial values the next time that channel 2 is selected. 
Optionally, auto ?ne-tune circuit 1614, shown by dashed 
lines in FIG. 16, can be coupled directly to TV 112 to 
monitor signal quality. Auto ?ne-tune circuit 1614 provides 
a control signal directly to input buffer 1601 to augment or 
replace the control functions performed by the user via 
keypad 413. Many variations between automatic, semi 
automatic, arrd manual control operation are possible and 
will be apparent to those skilled in the satellite receiver ?eld. 
5. Fine-Tuning KU-band Receiver Operation 

It is useful if a single satellite receiver can receive signals 
in any of the communications bands with as little additional 
hardware as possible. To receive a signal from a different 
band, for example the KU-band, a separate LNB 102 (FIG. 
1 and FIG. 4) must be provided to downconvert the satellite 
broadcast to the 950-1450 MHz range. Further frequency 
conversion and channel selection is much the same as for 
C-band. However, the prior art receiver shown in FIG. 1 
must provide additional bandpass ?lters such as bandpass 
?lters 109a-109c in order to adapt the receiver to the 
variable channel bandwidth broadcast by the KU-band sat 
ellites. 
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In accordance with the present invention, the satellite 
receiver shown in FIG. 17 can be adjusted to provide a 
predetection bandwidth that is ?ne-tuned to a KU-band 
channel without modi?cation of the second bandpass ?lter 
409. FIG. 17 differs from FIG. 4 in that separate LNB’ s 1701 
and 1702 are provided for C-band and KU-band respec 
tively. Components which are the same in FIG. 4 and FIG. 
17 bear the same identi?cation numbers. C-band LNB 1701 
downconverts C-band satellite broadcast to the 0.95 to 1.45 
GI-Iz frequency range. KU-band LNB 1702 downconverts 
KU-band satellite broadcast to the 0.95- 1.45 GHz fre 
quency range. Switch 1703, under control of control circuit 
412 via control line 1704, selects either the output of C-band 
LNB 1701 or KU~band LNB 1702. 
The remaining circuitry in accordance with the present 

invention is capable of ?ne-tuning either the C-band or 
KU-band signal. This is performed in accordance with the 
present invention by adjusting the reference frequencies of 
local oscillators 404 and 408 to provide the desired prede 

. tection bandwidth. The selection of reference frequencies is 
similar to that described hereinbefore, and can be performed 
either symmetrically or asymmetrically. This feature of the 
present invention greatly increases utility of the satellite 
receiver by providing both C-band and KU-band reception 
at great cost savings as compared to buying separate receiv 
ers for each band. Moreover, as other communication bands 
and channel plans are used in the future, the satellite receiver 
of the present invention can be reprogrammed to receive 
them without hardware or ?lter changes. 

It is to be expressly understood that the claimed invention 
is not to be limited to the description of the preferred 
embodiment but encompasses other modi?cations and alter 
ations within the scope and spirit of the inventiveconcept. 
For example, the satellite receiver may be used with small 
and large diameter antennas as well as stationary or movable 
receivers. Also, the present invention is easily adapted to 
other frequency ranges and signal modulation techniques 
that involve FM encoding. Accordingly, these and other 
modi?cations of the described satellite receiver system and 
method are within the spirit and claims of the present 
invention. 

I claim: 
1. A satellite receiver for tuning a selected channel of a 

downconverted signal from a satellite broadcast, the down~ 
converted signal having a plurality of channels, wherein the 
selected channel comprises a range of frequencies, the 
receiver comprising: 

a ?rst mixer having a ?rst input for receiving the down 
converted satellite broadcast, a second input for receiv 
ing a ?rst reference frequency, and an output for 
providing a ?rst intermediate frequency (IF) signal; 

a ?rst bandpass ?lter having an input coupled to the output 
of the ?rst mixer and having an output, wherein the ?rst 
bandpass ?lter has a pass band with a bandwidth at least 
as great as a desired predetection bandwidth of the 
receiver; 

a ?rst tunable local oscillator providing a ?rst reference 
frequency signal to the second input of the ?rst mixer, 
wherein the ?rst reference frequency is chosen to offset 
the range of frequencies of the selected channel with 
respect to the pass band of the ?rst bandpass ?lter; 

a second mixer having a ?rst input coupled to the output 
of the ?rst bandpass ?lter, a second input for receiving 
a second reference frequency, and an output for pro 
viding a second IF signal; 

a second bandpass ?lter having an input coupled to the 
output of the second mixer and an output, wherein the 
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14 
second bandpass ?lter has a pass band with a band 
width at least as great as the desired predetection 
bandwidth of the receiver; 

a second tunable local oscillator providing the second 
reference frequency to the second input of the second 
mixer, wherein the second reference frequency is cho 
sen to offset the range of frequencies of the selected 
channel in the second IF signal with respect to the pass 
band of the second bandpass ?lter so that the range of 
frequencies of the selected channel in the second IF 
signal is asymmetrically positioned about a center 
frequency; and 

detector means having an input coupled to the output of 
the second bandpass ?lter for converting the ?ltered 
second IF signal to a baseband signal. 

2. The satellite receiver of claim 1 wherein the satellite 
receiver has a predetection bandwidth that is less than the 
pass band bandwidth of either the ?rst or second bandpass 
?lters. 

3. The satellite receiver of claim 1 further comprising a 
third mixer having a ?rst input coupled to the output of the 
second bandpass ?lter, a second input for receiving a third 
reference frequency, and an output providing a third IF 
signal, wherein the third reference frequency is selected to 
position the range of frequencies of the selected channel in 
the third IF signal symmetrically with respect to a center 
frequency of the detector means. 

4. The satellite receiver of claim 1 wherein the offset of 
the range of frequencies of the selected channel with respect 
to the pass band of the second bandpass ?lter is continuously 
variable in increments determined by the frequency step size 
of the second tunable local oscillator. 

5. The satellite receiver of claim 1 wherein the selected 
channel has a bandwidth of approximately 36 MHz and the 
bandwidth of the ?rst bandpass ?lter is approximately 28 
MHz. 

6. The satellite receiver of claim 5 wherein the bandwidth 
of the second bandpass ?lter is 25 MHz. ‘ 

7. The satellite receiver of claim 6 wherein the predetec 
tion bandwidth is less than 25 MHZ. 

8. A method for tuning a selected channel of a downcon 
verted signal from a satellite broadcast, the downconverted 
signal having a plurality of channels, wherein the selected 
channel includes a range of frequencies, the method com 
prising the steps of: 

selecting a ?rst reference frequency; 
mixing the downconverted signal with the ?rst reference 

frequency to provide a ?rst intermediate frequency (IF) 
signals; 

?ltering the ?rst IF signal using a ?rst ?lter having a pass 
band that is oifset with respect to the range of frequen 
cies of the selected channel in the ?rst IF signal; 

selecting a second reference frequency; 
mixing the ?ltered ?rst IF signal with the second refer 

ence frequency to provide a second IF signal; and 
?ltering the second [F signal using a second ?lter having 

a pass band that is o?'set with respect to the range of 
frequencies of the selected channel in the, second IF 
signal by an amount determined by the value of the 
selected second reference frequency so that the range of 
frequencies of the selected channel in the second IF 
signal is asymmetrically positioned about a center 
frequency of the selected channel in the second IF 
signal. 

9. The method of claim 8 ?irther comprising a step of 
converting a frequency modulated (FM) signal from the 
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second IF signal to a baseband signal after the step of 
?ltering the second IF signal. 

10. The method of claim 9 further comprising the steps of 
monitoring the baseband signal and adjusting at least one of 
the ?rst or the second reference frequency to minimize 
chroma truncation while providing an adequate carrier-to 
noise ratio (UN). 

11. A satellite receiver for receiving both C-band and 
KU-band satellite transmissions, the receiver comprising: 

an antenna providing a satellite broadcast frequency sig 
nal; 

a ?rst low-noise block downconverter having an input for 
receiving the satellite broadcast frequency signal and 
an output for providing a ?rst downconverted signal, 
wherein the ?rst downconverted signal includes the 
C-band satellite transmission; 

a second low-noise block downconverter having an input 
for receiving the satellite broadcast frequency signal 
and an output for providing a ?rst downconverted 
signal, wherein the second downconverted signal 
includes the KU-band satellite transmission and the 
?rst and second downconverted signals have an over 
lapping frequency spectrum; 

a switch for coupling and decoupling to the outputs of 
either the ?rst or second low-noise block downcon 
verter for selecting one of the ?rst or second downcon 
verted signals; 

a ?rst stage including a ?rst tunable oscillator for provid 
ing a ?rst reference frequency, means coupled to the 
switch and to the ?rst tunable oscillator for mixing the 
selected one of the ?rst or second downconverted 
signals with the ?rst reference frequency to provide a 
?rst intermediate frequency (IF) signal, and a ?rst 
bandpass ?lter for ?ltering the ?rst IF signal and 
providing the ?ltered ?rst IF signal to a ?rst stage 
output; 

a second stage including a second tunable oscillator for 
providing a second reference frequency, means coupled 
to the ?rst stage output and to the second tunable 
oscillator for mixing the ?rst IF signal with the second 
reference frequency to provide a second IF signal, and 
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a second bandpass ?lter for ?ltering the second IF 
signal and providing the second IF signal to a second 
stage output, wherein the ?rst and second tunable 
oscillators are tuned so that when the ?rst downcon 
verted signal is selected the bandwidth of the second IF 
signal is optimized for a C-band channel, and when the 
second downconverted signal is selected the bandwidth 
of the second IF signal is optimized for a KU-band 
channel. 

12. A satellite receiver for tuning a selected channel from 
a broadcast signal, wherein the selected channel comprises 

- a center frequency, a ?rst skirt at a lower end of the selected 
channel and a second skirt at an upper end of the selected 
channel, the receiver comprising: 

a ?rst mixer having a ?rst input for receiving the broad 
cast signal, a second input for receiving a ?rst reference 
frequency, and an output for providing a ?rst interme 
diate frequency (IF) signal; 

a ?rst bandpass ?lter having an input coupled to receive 
the ?rst IF signal and having an output; 

a ?rst tunable local oscillator providing a ?rst reference 
frequency signal to the second input of the ?rst mixer, 
wherein the ?rst reference frequency is chosen to 
attenuate a portion of the ?rst skirt of the selected 
channel at the output of the ?rst bandpass ?lter; 

a second mixer having a ?rst input coupled to the output 
of the ?rst bandpass ?lter, a second input for receiving 
a second reference frequency, and an output for pro 
viding a second IF signal; 

a second bandpass ?lter having an input coupled to 
receive the second IF signal and an output; 

a second tunable local oscillator providing the second 
reference frequency to the second input of the second 
mixer, wherein the second reference frequency is cho 
sen to attenuate a portion the second skirt of the. 
selected channel at the output of the second bandpass 
?lter, wherein the attenuated portion of the ?rst skirt 
has a different bandwidth than the attenuated portion of 
the second skirt. 
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